This study investigated the production of spontaneous pointing gestures in 26 toddlers, who were observed during free play time at day nursery. Pointing gestures and their different features (e.g., handedness, vocalizations, form and function of gesture) were recorded for a total observation time of 100 hours. Results revealed that the vast majority of pointing gestures were right-handed and accompanied by vocalizations, emphasizing the tight interconnection between speech and gesture from an early stage of development. Whole-hand gestures were more frequently used in imperative contexts, whereas index extensions were more frequently produced in declarative ones. Moreover, the use of declarative gestures and index extensions were found to increase with age. Implications concerning the origins of imperative and declarative pointing are discussed.
Several authors have highlighted the important role played by gesture in children's early development, reporting the existence of a significant relationship between communicative gestures produced around the end of the first year and the emergence of verbal skills at a later stage (e.g., Iverson & Goldin-Meadow, 2005; Pizzuto & Capobianco, 2005; Rowe & Goldin-Meadow, 2009; Rowe, Özçaliskan, & Goldin-Meadow, 2008; Volterra, Caselli, Capirci, & Pizzuto, 2005) . The comprehension and production of communicative gestures involve cognitive processes that are essential for the acquisition of language: children develop some understanding of others' mental states through their ability to direct the attention of a recipient toward external events or objects (e.g., Liszkowski, Carpenter, Henning, Striano, & Tomasello, 2004) . These gestures are even regarded by some authors as a first step toward the emergence of a theory of mind (e.g., Camaioni, Perucchini, Bellagamba, more widespread in studies of nonhuman primates, where the traditional finger extension is less frequently observed than in human primates (Leavens, Hopkins, & Bard, 1996; Leavens & Hopkins, 1998) .
This broader definition of pointing gestures brings up the issue of how to distinguish between pointing and another communicative gesture, usually referred to as a "request gesture". The latter is produced in order to obtain a desired object and is generally described as an extension of the arm toward the object, sometimes with a repeated opening and closing of the hand (Capirci, Contaldo, Caselli, & Volterra, 2005; Gullberg et al., 2008) . The fact that this repeated hand movement is not consistently observed for request gestures raises the question of whether there really is a difference between pointing toward an object with the whole hand in order to obtain that object and a requesting gesture. More confusing still, "request" is not the only term used to describe arm extensions toward an attractive object intended to make the adult give the child that object. Other terms found in the literature include "open-handed reaching" (Masur, 1983) , "spread" (Fogel & Hannan, 1985) , "ritualized reaches" (Iverson & Goldin-Meadow, 2005) and "reaching" (Franco & Butterworth, 1996) . The use of the word "reaching" can cause difficulties because it conveys different meanings: it primarily refers to the act of prehension (stretching out to grasp an object within one's reach), but can sometimes imply a communicative function. As stated above, children produce reaching gestures in order to obtain an out-of-reach object. Some authors have made a distinction between "reaching-in gestures" and "reaching-out gestures" (Blake et al., 1994) . The former, which are similar to grasping, do not involve any communicative intention, unlike reaching-out gestures. In the study by Blake et al. (1994) , the latter were right-handed in 8-and 12-month-old children, whereas reaching-in gestures were not. They were also accompanied by vocalizations more often than reachingin gestures. These results emphasize the communicative nature of "reach-outs", as well as their equivalence with request gestures. It would therefore be helpful for researchers to arrive at an agreement about the accurate definition of communicative gestures, first by disambiguating the use of "reaching gestures" and then, more generally, by using the same terms to refer to the same behaviors.
For this to happen, the functions of pointing must systematically be taken into account when studying gestural communication. Two main functions of pointing gestures have been described so far (Bates, Camaioni, & Volterra, 1975; Camaioni, 1997) . Imperative pointing is used by children to formulate a request, whereas the purpose of declarative pointing is to share an interest in an object or event with someone. The latter has recently been divided into "expressive" and "informative" declarative pointing . In the expressive subtype, the child seeks to share his or her enthusiasm with an adult about a common referent, while in the informative subtype, the child points to an object in order to help the adult, providing him/her with the information he/she needs. Tomasello et al. (2007) regard these gestures as subtypes of declarative pointing because they both rely on psychological processes that go well beyond the conception of the adult as a causal agent, as opposed to imperative pointing.
The fact that imperative and declarative pointing gestures are used in different contexts and for different purposes raises the question of their origin. Some gestures are derived from practical actions and acquire a communicative function via a process called "ontogenetic ritualization" (Tomasello & Call, 1997 ). An action gradually becomes ritualized into a communicative signal through a partner's reaction to it. Imperative pointing, which is regarded as being equivalent to a request gesture, may originate from simple reaching actions. This abstraction from object-directed actions may account for similar structural characteristics, namely for the use of the whole hand. By contrast, declarative pointing gesture, as a means of sharing an attitude about a common referent with other individuals, may develop through social interactions and imitation processes. Several differences that have been observed between imperative and declarative pointing support the hypothesis of different origins for these gestures. Camaioni et al. (2004) assessed the understanding of adults' intentions by infants at the ages of 12 and 15 months through their ability to reproduce other people's intended acts after observing them fail to perform these acts. They found that the ability to understand intentions was linked to the production of declarative, but not imperative pointing. Moreover, declarative pointing emerged later than imperative pointing (e.g, Camaioni et al., 2004) . A study has also shown that comment gestures, including declarative pointing, predict later communicative competence on the Peabody Picture Vocabulary Test (Dunn & Dunn, 1981) , whereas reach-request gestures produced at the beginning of the first year are negatively correlated to language measures at 3 years (Blake, Vitale, Osborne, & Olshansky, 2005) . Imperative function thus does not seem to be related to verbal communication. By contrast, declarative pointing in toddlers already reflects features of human language, namely social cognition and cooperation. As the main language functions are lateralized in the left cerebral hemisphere in the vast majority of people, investigating handedness for imperative and declarative pointing may shed light on the potentially different nature of these gestures. We may then observe different forms and degrees of right-handedness, depending on the function and origin of the pointing gestures. For instance, if imperative pointing is ritualized from a reaching action, we may observe more gestures produced with the whole hand, compared with declarative pointing. Gestures involving a request function may also be less righthanded than declarative ones.
The present study focused on several features of pointing gestures: handedness, form, function and the links between pointing and verbal behavior. Never before had all these aspects been studied together in humans, and we believed that recording observations was an efficient way of doing so. The aim of our investigation was thus to provide an overview of the entire range of forms and functions of pointing gestures produced by young children using naturalistic methods, that is through the observation of their spontaneous communicative gestures at daycare centers. Our first hypothesis was that we would find a right bias for communicative gestures, in line with several previous studies (e.g., Bates et al., 1986; Vauclair & Cochet, submitted; Young et al., 1985) . Our second hypothesis concerned the difference between the right bias of gestures produced on their own and the bias of gestures produced with vocalizations, the assumption being that the latter would be stronger than the former. Finally, we hypothesized that the pattern of pointing gestures would vary according to their intended function. We expected to observe differences in both the handedness and the form of the gestures, depending on their imperative or declarative function.
Method

Participants
The participants were 26 children (15 girls and 11 boys), observed at a daycare center. These children were divided into four groups which attended the daycare center on different moments (four different half days), including two groups of 7 (4 girls and 3 boys) and two groups of 6 (4 girls and 2 boys for the first one; 3 girls and 3 boys for the other one). Six female nursery staff members were always present with the children, interacting with and looking after them. Children were observed between 5 and 10 separate sessions depending on the group, over a three-month period. The sessions were each separated by at least one week and at most three weeks. Children were observed during three-hour blocks of time, in the morning or in the afternoon, resulting in a total observation time of approximately 100 hours. The mean number of sessions per child was 7.85 (S.D. = 2.4), corresponding to a mean duration of 23.5 hours of recording (S.D. = 7.2).
Children were aged between 11 months and 16 days and 37 months and 24 days on the first day of observation (M = 23.6; S.D. = 6.9). There was no significant difference in the mean number of sessions as a function of age, F(2;23) = 0.74; ns (see Table 1 ).
Procedure
The observations were conducted during free play times and included a snack time.
In order not to interfere with the different activities and interactions, the observer always remained on the periphery of the group. As this study focused on pointing gestures, data were collected using a behavior-dependent sampling method. The small size of the groups being observed allowed the experimenter to record all the communicative pointing gestures accurately and efficiently on a datasheet, as and when they occurred. The observer was highly trained to record infants' gestural behaviors and she had spent a few days in the day-care center before starting the data collection, in order to observe the interactions between children.
Pointing gestures were defined as the extension of the arm towards a referent (object or event) involving a clear communicative intention through gaze, vocalization or other clear evidence of an effort to direct someone's attention. Several features characterizing pointing gestures were then taken into account. The observer (HC) first noted whether the gesture was produced with the index finger extended and the other fingers curled or with a less conventional form and all fingers extended ("whole-hand" pointing, Leavens & Hopkins, 1999) . For each gesture, the observer recorded which hand was used and whether or not the gesture was accompanied by a vocalization. Vocalizations consisted of either words or other vocal communicative productions (e.g., pseudowords or speech sounds). Whining and crying were not included. Vocalizations were considered to be produced co-temporally with a gesture when the two events occurred simultaneously or within a two-second interval. The observer also noted whether or not the pointing gesture was coordinated with gaze alternation, that is, whether children shifted their gaze between the target and the social partner while pointing or within a two-second interval after the production of the gesture.
Each pointing gesture was also classified according to its function. When the child pointed to an out-of-reach object so that the adult gave him/her or did something with it that the child could not do by him/herself, it was coded as an imperative pointing. When the child sought to direct a recipient's attention toward a referent in order to share interest in it or provide the recipient with helpful information, the gesture was coded as a declarative pointing. In some cases, when Table 1 . Mean number of sessions depending on the age of the participants.
Age range
Mean number of sessions ± S.D. N 11.5-20 months 8.36 ± 2.3 11 20-29 months 7 ± 2.6 8 29-38 months 8 ± 2.5 7 the child's intention was not obvious at first sight, the observer relied on the adult's behavioral reaction to the child's pointing and on the child's behavior following the adult's first reaction. For example, a gesture was classified as imperative if the child showed signs of satisfaction and ceased the gesture after the adult gave him/ her the object pointed at, and as declarative if the gesture ceased after the adult commented on the referent (see Carpenter, Nagell, & Tomasello, 1998) .
Within the more general category of declarative behaviors, we initially distinguished between the informative function (e.g., when the child helps the adult by pointing to an object he/she is looking for) and the expressive function (e.g., when the child wants the adult to see an event of interest and share enthusiasm about it) . However, as fewer than five informative pointing gestures were produced overall, we decided to group these two functions into a single category.
In order to avoid any effects of positional bias on hand use, gestures were only recorded when (1) the child was in a symmetrical posture (the body was in a straight position and both arms were at an equivalent distance from the body) with both hands initially free, and (2) the referent was positioned centrally in front of the gesturer. Even when several individuals meeting these two criteria were pointing at the same time (something which happened very rarely), the observer was still able to score the pointing behaviors of two individuals simultaneously. If more than two children were pointing simultaneously, instead of trying to record all the gestures, the experimenter chose two of them in order to maintain a comparable number of observations for each participant: if the number of data points previously recorded for one individual was already high, this individual child's pointing was not recorded. However, this only happened three times during the 100 hours of observation.
The sessions were videotaped for two groups in order to evaluate interobserver reliability (the camera was placed in a corner of the room). We were not allowed to film the two other groups because some parents did not give their agreements. Analyses of variance did not reveal any difference between groups for any variables.
Reliability
Reliability was assessed on a subset of the videotaped sessions (approximately 15h) by an independent coder who was blind to the hypotheses of the study. The data obtained by the first observer from sheet recording were compared to the data recorded by the second observer from videotapes. First, 63 gestures produced by 12 children (12.5% of the total number of gestures) were recognized as communicative by both coders (inter-observer agreement was 100%). Within these 63 gestures, the analyses revealed high to very high inter-observer reliability. Cohen's kappa statistics for coding decisions were 1 for the hand used, .85 for the function of the pointing gesture, .71 for handshapes, .82 for vocalizations and .65 for gaze alternation.
A few gestures could not be taken into account for the assessment of reliability when the video was not perfectly centered on the child's gesture (which could not be avoided as there was only one camera in the room), or for example, when an adult passed in front of the camera. Nevertheless, as the high agreement between coders highlighted the reliability of the data recorded by the observer, these gestures were included in the analyses.
Data analysis
The data were summed across the test sessions. An individual handedness index score (HI) was calculated for each child using the formula (R-L)/(R+L), where R and L stand for the total right-and left-hand responses. The HI values lay along a continuum from −1 to 1, with the +/− sign indicating hand-preference direction and the absolute value reflecting hand-preference strength. Handedness indices were calculated for pointing gestures and analyzed with respect to their form (index-finger vs. whole-hand pointing), function (declarative vs. imperative pointing) and vocalizations (gestures that were accompanied by vocalizations vs. those that were not). All analyses were performed using parametric statistics with alpha set to p < 0.05.
Results
Hand preference for pointing
A total of 503 gestures were collected (93.4 % of which were addressed to an adult) and the number of observations per participant varied from 5 to 63 (M = 19.3; S.D. = 15.1). As expected, we observed a significant right-hand bias for communicative gestures, as 428 gestures (85.1 %) were right-handed and 75 (14.9 %) were left-handed. The mean numbers of right-handed and left-handed gestures produced were 16.5 (S.D. = 13.8) and 2.9 (S.D. = 3.1), respectively (t(26) = 4.91; p < .001). Handedness scores varied between 0.11 and 1 and the mean handedness index was 0.68 (S.D. = 0.25).
Gaze alternation
Each of the 26 children exhibited gaze alternation between the object of the pointing gesture and the face of the recipient. Gaze alternation was observed in 56.5 % of cases. There was no significant difference between the mean number of gestures accompanied by gaze alternation (M = 10.9; S.D. = 9.8) and the mean number of gestures produced without gaze alternation (M = 8.4; S.D. = 7.2, t(26) = 1.05; ns).
Accompanying vocalizations
A total of 435 pointing gestures were accompanied by a vocalization (86.5 %) and 68 (13.5 %) were not. Children's gestures were significantly more frequently accompanied by vocalizations (M = 16.7; S.D. = 13.7) than produced on their own (M = 2.6; S.D. = 2.9; t(18) = 5.16; p < .001). To test our second prediction, we assessed whether the right-hand bias for pointing gestures was stronger when these gestures were accompanied by vocalizations. Eight of the 26 children only produced gestures accompanied by vocalizations, so they were excluded from the analysis. No significant difference was observed between HI for pointing accompanied by vocalizations (vocal HI) and HI for unaccompanied pointing (non-vocal HI) (t(18) = 0.067; ns). Our results therefore did not confirm our initial hypothesis. It should, however, be noted that because of the small number of pointing gestures produced without any vocalization (M = 2.6, S.D. = 2.9), the handedness scores associated with these gestures may not have been entirely representative of the children's degree of handedness. The comparison between vocal HI and nonvocal HI should thus be interpreted with some caution. On average, 94.1% of declarative pointing gestures were produced with the extended index finger vs. 53.9% of imperative pointing gestures. This difference was significant (t(22) = 5.61; p < .001).
Form and function of pointing gestures
We first investigated which handshape more frequently characterized imperative and declarative functions, and then, reciprocally, we examined which function index-finger and whole-hand pointing were more frequently used for. As far as declarative pointing is concerned, the mean number of gestures produced with the index finger was higher than the mean number of whole-hand gestures (t(26) = 5.02; p < .001). This difference was observed for both right-handed (t(26) = 4.70; p < .001) and left-handed pointing (t(26) = 3.66; p < .001). As far as imperative pointing is concerned, there were no significant differences in the mean number of gestures produced as a function of handshapes (t(26) = 0.37; ns), either for right-handed gestures (t(26) = 0.44; ns) or for left-handed ones (t(26) = −0.47; ns). The mean proportions of declarative and imperative pointing gestures produced according to gesture form are shown in Figure 1 .
Index-finger pointings were more frequently used with a declarative function than with an imperative one (t(26) = 4.14; p < .001). Whole-hand gestures, on the contrary, were more frequently produced with an imperative function (t(26) = 3.86; p < .001). This was true for both right-handed (t(26) = −3.40; p < .01 for index- The HIs for declarative and imperative pointing were compared using Student's t-test. Mean HIs (0.74 ± 0.24 and 0.75 ± 0.32, respectively) did not differ (t(22) = −0.11; ns). We also compared the HIs for index-finger pointing and wholehand pointing, but there was no difference either in the degree of the right-hand bias (t(20) = −0.81; ns).
Our third hypothesis was thus partially confirmed, insofar as the form of the pointing gestures, though not their handedness pattern, varied according to the function of the gesture. Moreover, another feature appeared to differ between imperative and declarative pointing: the proportions of imperative and declarative gestures produced simultaneously with vocalizations were respectively 58.8% (S.D. = 35.6) and 91.7% (S.D. = 14.7). Declarative gestures were thus more frequently accompanied by vocalizations than imperative gestures (t(22) = −4.00; p < .001). Regarding visual behavior, there was no difference between the two types of pointing in the mean proportions of gestures accompanied by gaze alternation (t(22) = 0.08; ns).
Gender
There was no significant difference in pointing behavior according to gender, either in the total number of gestures produced (t(26) = −0.95; ns), the handedness index associated with pointing (t(26) = −1.72; ns) or the function of the gestures (t(26) = 0.38; ns).
Age
There was no significant relationship neither between the age of the participants and the total number of gestures they produced (r = −0.24; ns), nor between age and the degree of right-handedness associated with pointing (r = 0.24; ns). The right-hand bias did not become stronger with age. Moreover, the proportion of gestures produced with accompanying vocalizations did not increase as a function of age (r = 0.31; ns). But we observed significant relationships between age and function of pointing gesture (r = 0.55; p < .01) and between age and form of gesture (r = 0.53; p < .01). As illustrated in Figure 2 , when children grew older, they produced an increasing number of pointing gestures with a declarative function and with the index finger extended.
Discussion
This research was designed to probe the features of spontaneous pointing gestures in young children. To our knowledge, it was the first study to investigate the characteristics of pointing gestures under naturalistic conditions in a day care center. The observation of these spontaneous gestures may shed new light on the development of communicative behavior in toddlers. The results showed a strong and significant right-hand preference for pointing gestures, in line with previously reported findings (Bates et al., 1986; Blake et al., 1994; Young et al., 1985) . The mean Handedness Index (HI) observed in the present study (0.68) was stronger than the mean HI for pointing reported by Vauclair and Imbault (2009) in experimental conditions (0.52). This difference may simply be due to the absence of left-handed participants in the present study (all the HI were positive), which was not the case in the study by Vauclair and Imbault (2009) , as they recruited a larger sample of participants.
The right-handed bias did not increase as children grew older, that is, between approximately 1 and 3 years of age (the youngest participant was aged 11 months and 16 days at the beginning of the observations and the oldest one was 37 months and 24 days). A study of toddlers aged 13-28 months (Bates et al.., 1986 ) also failed to reveal any strengthening of the right-sided asymmetry over this period. An increase in the right-sided bias for pointing gestures had previously been reported, but it concerned lower age ranges than those selected for the present study (Blake et al., 1994; Young et al., 1985) , indicating that the increasing involvement of the left cerebral hemisphere in the production of communicative gestures may take place even before children reached one year of age.
Communicative signals were expressed simultaneously in the gestural and vocal modalities in 86.5% of cases. This widespread use of vocalizations contrasts with results obtained with nonhuman primates, showing that the majority of gestures are not accompanied by vocalizations (Hopkins & Cantero, 2003) . The specificity of human communicative behavior, which lies in the vocal modality, therefore appears at a very early stage in development. Furthermore, it is interesting to note that the recipients of referential gestures produced by children were adults in the majority of cases. This result suggests that communicative skills may develop through interactions with adult caregivers and not with other children, in line with previous studies emphasizing the influence of adults' inputs (e.g., Kishimoto, Shizawa, Yasuda, Hinobayashi, & Minami, 2007) .
We did not observe any difference in the degree of right bias between gestures produced alone and gestures produced simultaneously with vocalizations, apparently disproving our hypothesis that a greater demand is placed on left hemisphere resources when both modalities are involved simultaneously. However, this finding may be explained by the relatively low number of gestures produced without vocalizations (the mean number of pointings produced on their own was 2.6 and eight children did not produce any at all). Consequently, the comparison of handedness scores for gestures produced with and without vocalizations was not based on an equivalent number of gestures. Moreover, no attempt was made in the present study to characterize the vocalizations and words produced by the children. It would be useful to study in a future research the different features of these communicative signals in greater depth, possibly using spectrographic analysis. A sound spectrograph would provide measures of the tone, rhythm, amplitude and frequency of vocal sounds, which could help to distinguish between different vocalizations.
A significant relationship was observed between the form and function of pointing gestures. Index extensions were more frequently used with a declarative function, whereas whole-hand gestures were more frequently produced with an imperative function. Moreover, in the vast majority of cases, declarative pointing was produced with the index finger, whereas imperative pointing was characterized equally by index-finger and whole-hand extensions.
These different structural characteristics, as well as the different motivational backgrounds of imperative and declarative pointing gestures, may be related to their different origins. Imperative gestures were more frequently associated with whole-hand extensions, which superficially resemble acts of prehension, than declarative gestures were. It may thus be hypothesized that imperative pointing substitutes for reaching actions by a process of ontogenetic ritualization (Tomasello & Call, 1997) . A behavior that is not initially a communicative signal becomes one through reciprocal social interactions: the child learns over repeated instances that his/her gesture elicits a particular action from the adult (in this case, the action of giving the child the desired object). Vygotsky (1988) had previously argued that pointing develops out of reaching, but this hypothesis only seems consistent with the imperative function of pointing.
Declarative pointing, by contrast, would not appear to emerge from a ritualization process, as almost all declarative pointing gestures were produced with the extended index. It has been suggested that index-finger pointing emerges not from a less differentiated form, but from the non-communicative finger extensions observed in infants from three months onwards (Butterworth, 2003; Masataka, 2003) . One argument advanced to support this assumption concerns the changes that take place in the gestural repertoire in the course of early development: the frequency of index-finger extensions increases between 3 and 11/12 months, then decreases, whereas the frequency of index-finger pointing gestures starts to increase (Masataka, 2003) . For this reason, among others, index-finger pointing is sometimes viewed as the basic and natural form of reference, which develops spontaneously (Butterworth, 2003) . However, investigations of deictic behaviors in different cultures have revealed variations in the form of pointing gestures, indicating that index-finger pointing is not the universally preferred referential strategy. In some cultures, for example, lip-pointing is dominant and forms of manual pointing that are never or rarely encountered in some cultures are frequently observed in others, such as when the middle finger, not the index finger, is pointed toward a target (Kendon & Versante, 2003; Wilkins, 2003) .
These observations suggest that the use of the index finger for pointing is not universal and is, at least to some degree, socially transmitted to the infant. The development of index-finger extensions in the present study may indeed have involved an imitation process. When adults used pointing gestures to communicate with children, they did so with a declarative motive rather than an imperative one, and with the extended index. They sought to direct the child's attention toward a referent in order to share interest in it, for example when looking at pictures in a book. Fewer, if any, examples come to mind of a parent pointing with the whole hand toward an object so that the child will bring it to him/her. Studies should be conducted to investigate the function of pointing gestures produced by caregivers when interacting with children in order to help determine whether imitation is the major learning process at work in the development of declarative pointing.
We can thus raise the hypothesis that imperative and declarative pointing gestures develop in parallel and independently. Different developmental sequences in the emergence of imperative and declarative pointing have previously been reported: declarative pointing develops later than imperative pointing (e.g., Camaioni et al., 2004) . Moreover, authors have shown that children with autism fail to understand and produce declarative pointing, but not imperative pointing (Camaioni, 1997) . This hypothesis is also reinforced by the relationship reported in the present study between age and the function of the gesture. As children grow older, they use more and more pointing gestures in declarative contexts and with the index finger extended.
This increasing use of index-finger pointing may reflect a developmental tendency toward more symbolic forms of communication (e.g., Franco & Butterworth, 1996) . This hypothesis is supported by studies of nonhuman primates, as language-trained chimpanzees point more frequently with their index fingers than chimpanzees which have not experienced close relationships with humans (Leavens & Hopkins, 1999) . The extension of the index is then particularly likely to be observed in the context of close relationships with humans. Note that this is a favorable context for imitation to occur, but so far, this assumption has not been confirmed by empirical evidence, as some studies have reported that chimpanzees do not imitate (see Tomasello, 2006) .
Even if the majority of whole-hand pointings were used in imperative contexts, imperative pointing gestures were produced both with the whole hand and with the index finger. Therefore, our initial proposal that imperative pointing and "request gestures" (e.g., Capirci et al., 2005) are identical communicative signals proved not to be entirely satisfactory. These gestures may share the same function, but their respective forms are somewhat different. As a few studies have observed a decrease in the production of reaching gestures (described as communicative and imperative gestures with all fingers extended) as children grow older (e.g., Blake, McConnell, Horton, & Benson, 1992) , we can assume that early imperative pointings are produced with the whole hand and later on with the extended index. This progressive shift in handshapes might be related to a progressive shift in the cognitive processes associated with imperative gestures. Tomasello and colleagues (2007) suggested that imperative motives form a continuum from ordering to suggesting. It could then be hypothesized that at an early stage, children understand the adult as a causal agent from whom they can get what they want, and later on, while imperative pointing becomes more frequently produced with the index-finger, the adult is regarded as an intentional agent who can decide to help the children. This perspective entails the possibility that the production of imperative pointing is different between non human primates and human children, that is, is related to different cognitive and social skills. In line with this hypothesis, it has been shown that human infants were able to request absent objects, whereas chimpanzees did not possess this ability (Liszkowski, Schäfer, Carpenter, & Tomasello, 2009 ). Moreover, as the declarative gestures were almost exclusively characterized by index finger extension in the present study, we can also hypothesize that declarative pointing influences the structural characteristic of all deictic behaviors. Once index-finger pointing appears in the child's gestural communication system, imperative pointing behavior may gradually be modified to feature the index extension. Note that this does not exclude the possibility that imperative pointing may originate from non-communicative actions, or the idea that imperative and declarative pointing are functionally distinct.
More globally, the relationship between handshapes, functions and origins of pointing gestures is a complex issue, and as suggested by Tomasello (2006) , some infants may learn to use pointing in one way and some in the other way. Even if the results of the present study showed some predominant developmental patterns in the production of pointing, there might be different developmental trajectories. For example, approximately 6% of declarative pointing gestures were produced with the whole-hand, by children who also produced declarative indexfinger points. Given the purpose of declarative pointing, it is unlikely that these whole-hand gestures emerge from prehension, but it remains very difficult to find out, empirically, whether pointing gestures are ritualized from reaching actions or learned though imitative process.
The distinction between imperative and declarative pointing was expected to encompass different patterns of handedness, reflecting different degrees of involvement of the left cerebral hemisphere. Imperative pointing, at least in the early stages, relies solely on the representation of people as causal agents, whereas declarative pointing implies the ability to represent and influence another person's attentional state, which is a crucial step in communication (Camaioni et al., 2004) . Declarative pointing was thus expected to be more right-handed than imperative pointing, but in the event we failed to observe any handedness differences between the two types of gestures. Unless the difference in activation levels is too subtle to be reflected in manual preferences, imperative and declarative points may involve the left cerebral hemisphere to an equal extent, insofar as they are both communicative gestures. Moreover, some researchers do not support a cognitive distinction between imperative and declarative gestures. On the one hand, both types of gestures are regarded as instrumental acts that do not involve the understanding of others' attention (e.g., Moore & Corkum, 1994) , and, on the other hand, both imperative and declarative gestures would reveal an early form of psychological understanding (e.g., Liszkowski, 2005) . This latter perspective has recently been supported by empirical findings (e.g., Liszkowski et al., 2009 ).
However, even if imperative gestures may not be related to simpler cognitive processes than declarative gestures, a clear distinction between both types of gestures in the present study relied on the incidence of accompanying vocalizations.
Declarative gestures were more likely to be produced with vocalizations compared to imperative gestures, which emphasizes the close relation between declarative gestures and the vocal system. This result is important insofar as it may reflect different roles played by imperative and declarative pointing in language development. It would then be useful for future studies to measure children's language levels, in order to investigate whether language abilities are more strongly correlated with declarative than with imperative gestures.
Within declarative pointing, some authors have distinguished between the expressive and the informative function (e.g., Liszkowski, Carpenter, Striano, & Tomasello, 2006; Pika, 2008) . The expressive function, the one examined in our study, refers to the intention of sharing an interest with a communicative partner about a referent, whereas the purpose of informative pointing is to provide the other person with information he/she needs. For example, if we see that another person has mislaid an object, and we know where it is, we will point in its direction to help that person. This gesture, which is within the capability of 12-month-olds, involves an understanding of others as people with intentional and informational states. Informative pointing has been studied within experimental contexts, where artificial situations have been set up to elicit this gesture (Liszkowski et al., 2006) . For instance, the experimenter, without apparently noticing, accidentally drops an object on the floor and then starts looking for it. The child is then likely to point toward the object. In the present study, very few instances of informative pointing were observed. Opportunities for a child to provide an adult with useful information were probably few and far between, but we can also assume that this gesture is not willingly produced outside a standardized context. Even if experimental studies of informative pointing are interesting from both a cognitive and a motivational point of view, it is noteworthy that this gesture is not really part of toddlers' spontaneous gestures.
All 26 children exhibited gaze alternation between the object of the pointing and the face of the recipient, but pointing gestures were not always associated with this behavior. Gaze alternation is usually regarded as a hallmark of intentional communication (e.g., Bates et al., 1975) . The fact that gaze alternation did not consistently accompany pointing gestures in our study could therefore call into question the nature of the pointing gestures we recorded. Nevertheless, several factors need to be taken into account when deciding whether a communicative gesture is intentional and infants' gaze alternation may be influenced by many factors (Liszkowski, Albrecht, Carpenter, & Tomasello, 2008) . In the present study, the respective positions of the gesturer, recipient and referent of the pointing did not necessarily allow the child to alternate his/her gaze between the object and the adult. For example, if the child was seated on the adult's lap when pointing to a referent in front of him/her, gaze alternation was probably not observed because the child would have had to have turned round to see the adult's face. More generally, gaze alternation was less likely to occur when the adult and child were looking in the same direction. It was then easier for the child to direct the adult's attention to a referent and he/she probably felt less inclined to check the efficiency of his/her gesture via gaze alternation. Thus, pointing cannot be classified as communicative or non-communicative simply on the basis of visual orienting behavior (e.g., Murphy, 1978) . Future studies therefore need to focus more carefully on the situations in which the pointing gesture is produced. In a study comparing the declarative and requestive functions of communicative gestures, visual checking was found to be more closely associated with the declarative function of pointing (Franco & Butterworth, 1996) . This result was not observed in the present study, but Franco and Butterworth (1996) investigated visual behavior in experimental conditions that allowed the children to adopt standardized postures. As a consequence, they were not concerned with the different positions of the communicative partners and the extent to which they would favor gaze alternation.
Taken together, our results emphasize the relevance of distinguishing between imperative and declarative functions of pointing when investigating the development of communicative gestures in a natural setting. The results of the present observational study need to be investigated in experimental studies, where specific situations would elicit imperative and declarative pointing gestures. Standardized contexts would provide a fruitful comparison with our study regarding handedness, form and function of pointing gestures.
